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METHOD AND DEVICE FOR MEASURING
THE TEMPERATURE IN ELECTRIC POWER
RESISTORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit to PCT application no.

PCT/IB2018/055967, filed Aug. 8, 2018, which claims pri-
ority to Italian application no. IT 10 2017000091796, filed
Aug. 8, 2017, the content of which are incorporated by
reference 1n their entireties.

FIELD OF THE INVENTION

The present invention relates to the technical field of
temperature measurement and 1s directed to a method and
device for measuring the temperature of electric power
resistors, 1 particular, but not exclusively, for tubular
housed power resistors. The method and device according to
the present invention allow avoiding the use of thermo-
couples or thermal sensors such as, for example, NTCs and
PTCs, and the disadvantages connected thereto.

BACKGROUND ART

Electric power resistors, and 1n particular tubular housed
clectric power resistors, are employed as heating elements 1n
numerous applications belonging to a wide spectrum of
technical fields: energy production, industrial processes,
machines for the transformation of plastics and industrial
machinery 1n general, transport, air conditioning and domes-
tic heating, collective catering, vending machines, profes-
sional washing and 1roning, wellness, etc.

Tubular housed electric power resistors consist of a resis-
tive wire (generally made of nickel-chromium or 1ron-
chromium-aluminum) wound as a solenoid, which 1s
welded, on both ends, to two cylindrical terminal pins. The
structure comprising the welded wire and terminals 1s
inserted 1nside a cylindrical tube made of metallic matenal
(generally made of a steel alloy), called sheath, which
constitutes the external structure of the tubular resistor.

The structure comprising the welded wire and terminals 1s
then insulated from the sheath by interposing a suitable
clectrical msulator, generally magnesium oxide in granular
form.

The magnesium oxide powder, by means of a suitable
striation process, 1s then compacted 1nside the tube, so as to
{111 all the empty spaces: the empty spaces between the wire
and the sheath, the empty spaces between the coils of the
wire, and the empty spaces within each of the coils of the
wire. Sometimes (not in all applications), a suitable sealing,
material 1s also added in a suitable groove obtained at the
ends of the metal sheath so as to prevent the ingress of
moisture 1nside the tube and the consequent reduction of the
oxide insulation.

During operation, the tubular resistor 1s powered by
applying an electric potential diflerence V between the two
pins. Therefore, an electric current I, with a value propor-
tional to the electric potential difference applied, flows
inside the pins and the metal wire causing a power dissipa-
tion equal to I°R or to V*/R, where R is the value of the
resistance of the tubular resistor. This power dissipation
provokes a thermal increase due to the Joule effect which
causes the surrounding environment, or the medium 1n
which the tubular resistor 1s immersed into, to heat up.
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According to the most used methods for measuring the
temperature of the sheath of the resistor, an operation which

1s necessary both during the assembly step as well as during
the testing step and the operational step, welding a thermo-
couple on the surface of the sheath or applying a suitable
sensor, such as an NTC or a PTC, or still using a thermo
chamber 1s required. These methods are often difficult to
implement, as 1t occurs in cases where thermocouples are
used and the sheath 1s made of steel or the resistor 1s made
by means of etched foi1l technology and the sheath 1s covered
with a thin film of plastic material, or they require very
expensive equipment, such as a thermo chamber, or still they
are limited to a reduced range of temperatures, as 1t occurs
in cases where thermal sensors, such as N1Cs or PTCs, are
employed.

Therefore, it 1s an object of the present mmvention to
respond to the need to introduce a new system for measuring
the temperature of power resistors which excludes the
employment of thermocouples, thermo chambers or tem-
perature sensors and solves the 1ssues described above.

Further objects, features and advantages of the present
invention will become more apparent from the following
detailed description, given by way of explanation and not by
way of limitation, and shown 1n the accompanying draw-
ings, 1n which:

FIG. 1 shows the equivalent circuit of a power resistor
which takes into account the low-frequency behavior of the
resistor;

FIG. 2 shows the equivalent circuit of a power resistor
which takes 1into account the high-frequency behavior of the
resistor;

FIG. 3 shows the trends of the circuit parameters R, L, G
and C of a 48 Ohm/1300 Watt tubular resistor as a function
of frequency at a temperature of 22° C. and within a range
of frequencies from 3 to 10 MHz;

FIG. 4 shows the trends of the circuit parameters R, L, G
and C of a 48 Ohm/1300 Watt tubular resistor as a function
of frequency at a temperature of 22° C. and of 700° C. and
within a range of frequencies from 3 to 10 MHz;

FIG. 5 shows the trends of the circuit parameters R, L, G
and C of a 48 Ohm/1300 Watt tubular resistor as a function
of temperature at a frequency of 3 MHz and within a range
of temperatures from O to 700° C.;

FIG. 6 shows the trends of the circuit parameters R, L, G
and C of a 48 Ohm/1300 Watt tubular resistor as a function
of temperature at a frequency of 10 MHz and within a range
of temperatures from O to 700° C.;

FIG. 7 shows the block diagram of a first preferred
embodiment of the device according to the present mven-
tion;

FIG. 8 shows the block diagram of a second preferred
embodiment of the device according to the present inven-
tion;

SUMMARY OF THE INVENTION

The present invention relates to a method and to a device
for measuring the temperature 1n power resistors based on
the measurement of the high-frequency circuit parameters of
said resistor. The present invention excludes the use of
thermocouples, dedicated temperature sensors or thermo
chambers.

With reference to the equivalent circuits shown 1n FIGS.
1 and 2, a power resistor may be assimilated to a simple
resistor only when low-frequency operation, 1.e., for
example, a nominal employment frequency, generally equal
to 50 or 60 Hz, 1s considered. When, instead, a wider
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operating Irequency range 1s considered, the equivalent
circuit appears to be more complex, having to account not

only for the electric power which results 1n heat due to the
Joule effect, but also for the reactive power and the radiant
power which at high frequencies are no longer negligible.

In greater detail, said low-frequency equivalent circuit
comprises, 1n addition to the nominal resistance value R, a
very small conductance value G, arranged between the
terminals and the sheath of the resistor and relative to the
properties of the msulator employed (for example, magne-
sium oxide).

The high-frequency equivalent circuit of the power resis-
tor istead comprises, 1n general, a series impedance Z and
a parallel admittance Y towards the sheath of the resistor as
shown 1n the accompanying FI1G. 2. Therefore, 1n addition to
the nominal resistance value R and the conductance value G,
there are a series inductance L., relative to the reactive
behavior of the resistive wire employed inside the resistor
and given 1n particular by the geometry of the coil in which
said resistive wire 1s wound, and a capacitance C, between
the terminals and the sheath of the resistor, which accounts
for the reactive behavior of the insulator (for example,
magnesium oxide) which 1s employed inside the sheath and
1s relative both to the properties of the dielectric employed
and to the geometry of the resistor. Considering, for
example, power resistors of the tubular type, the value of
said capacitance C may be influenced by the diameter of the
tube forming the sheath and also by the diameter of the coil
in which the resistive wire located inside the sheath 1is
wound. The high-frequency power resistor equivalent circuit
shown 1n the accompanying FIG. 2 may be considered valid
up to frequencies 1n the MHz range.

The high-frequency characterization of the resistor and of
the resistance R thereof, as well as the calculation of the
aforesaid parasitic parameters or high-frequency circuit
parameters: the conductance G, the inductance L and the
capacitance C, are operations which may be carried out with
a certain accuracy. Since the aforesaid circuit parameters R,
G, L and C show a certain dependence on the temperature of
the resistor, the present mvention wants to introduce a
method and a device adapted to determine the temperature
of a power resistor by measuring the circuit parameters
characterizing the high-frequency resistor: the nominal
resistance value of the wire of the resistor R, the conduc-
tance value between the terminals and the sheath G of the
resistor, the inductance value of the wire of the resistor L. and
the capacitance value C between the terminals and the
sheath of the resistor.

The device according to the present mmvention may be
realized as a measuring tool, or 1t may advantageously be
integrated into the driving and control circuit of the power
resistor, or 1t may be realized as an element to be perma-
nently connected to the resistor, possibly adapted to carry
out the retrofitting of already produced and already installed
resistors.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

In general, we have that the high-frequency circuit param-
eters ol a power resistor—R, G, L and C—vary as a function
of both frequency and temperature. Based on the trends of
the aforesaid circuit parameters as a function of temperature,
it 1s therefore possible to link the value of a circuit parameter
of the power resistor to the temperature value of the resistor.

The accompanying Figures from 3 to 6 show, by way of
example, the trends of the aforesaid circuit parameters 1n the
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4

case of a 48 Ohm/1300 Watt tubular resistor. FIG. 3 shows
the trends of the aforesaid circuit parameters R, L, G and C
as a function of frequency at a temperature of 22° C. and
within a range of frequencies from 3 to 10 MHz.

FIG. 4 shows a comparison of the trends of the atoresaid
circuit parameters R, L, G and C as a function of frequency
at a temperature of 22° C. and of 700° C. and within a range
of frequencies from 3 to 10 MHz.

FIG. 5 shows the trends of the aforesaid circuit parameters
R, L, G and C as a function of temperature at a frequency of
3 MHz and within a range of temperatures from 0 to 700° C.

FIG. 6 shows the trends of the aforesaid circuit parameters
R, L, G and C as a function of temperature at a frequency of
10 MHz and within a range of temperatures from O to 700°
C.

From the analysis of the detected trends of the aforesaid
circuit parameters R, L, G and C, it may be established with
certainty that said parameters may be used to determine an
accurate indication of the temperature of the resistor.

In particular, both the resistance R and the capacitance C
have—with respect to the temperature and 1n a range from
0° C. to 700° C.—substantially linear trends characterized
by a significant slope. In greater detail, the circuit parameter
C shows, with respect to the temperature, a substantially
linear increasing trend characterized by an accentuated slope
at a frequency of around 3 MHz. Similarly, the circuit
parameters R and G show, with respect to the temperature,
a linear increasing trend characterized by an accentuated
slope at a frequency of around 10 MHz. FIG. 4 shows the
frequency values at which the spread between the values of
the various circuit parameters of the resistors 1s greater. It 1s
evident how the circuit parameters of the resistor, and 1n
particular the parameters R, G and C, are suitable to provide
a very accurate indication of the temperature of the resistor
itsellf.

In the field of tubular power resistors, considering the
dispersion of the aforesaid high-frequency circuit param-
cters, 1.e., the range of values that said parameters have
within a production batch of resistors which said parameters
refer to, the parameter C, the parasitic capacitance between
the filament and the sheath of the resistor, has a much more
constant value, for example, than the parameter R, the
resistance of the resistor.

With regard to tubular power resistors, the parameter C,
the parasitic capacitance between the filament and the sheath
of the resistor, thus represents the most accurate, stable and
therefore most convenient parameter to be used for carrying
out the indirect temperature measurement according to the
present invention. For power resistors made with diflerent
technologies, materials and shapes, circuit parameters other
than C, such as, for example, the resistance R or the
conductance G, may be more suitable for carrying out the
indirect temperature measurement according to the present
ivention.

A suitable conversion table, drawn up by means of the
results of suitable measurements carried out on the power
resistor, or a suitable mathematical function linking the
value of the circuit parameters of the resistor to the corre-
sponding temperature value, will eventually allow to trans-
late the measured value of the parameter or of the circuit
parameters of the resistor into the value of the temperature
ol the resistor.

A preferred embodiment of the present invention 1s shown
in the accompanying FIG. 7, in which a power resistor 31
provided with a sheath 33 and with two terminals 32, 35,
adapted to be connected to the terminals of a voltage or
electric current source 36, i1s associated with means for
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measuring at least one high-frequency circuit parameter,
indicated hereinaiter for simplicity as impedance measuring
means 30, by means of suitable connecting means 38. Said
connecting means 38 provide for connecting the terminals of
said impedance measuring means 30 between a first terminal
32 and the sheath 33 of said resistor 31, and to connect a load
impedance 34 between a second terminal 35 and the sheath
33 of said resistor 31. In this preferred embodiment, with
two measurements, the value of the resistance R of the
resistor 31 and the value of the other high-frequency circuit
parameters, the conductance G, the inductance L and the
capacitance C, may be determined.

Advantageously, said connecting means 38 may comprise
coupling means adapted to separate the high-frequency
section of the device from the low-frequency section so as
to prevent the low-frequency electric power which supplies
the resistor 31 from interfering with the impedance measur-
ing means 30, thus influencing the measurement. Said
coupling means may, for example, comprise a low-pass filter
in combination with a high-pass filter.

By realizing said impedance measuring means 30, for
example, by means of a programmable frequency imped-
ance meter, two distinct measurements may be carried out at
different frequencies by connecting, by means of said con-
necting means, two diflerent loads 7, and Z,, 34 between
the second terminal 35 and the sheath 33 of said resistor 31.
Said known loads 7, , and Z, , 34 may also be an open circuit
and a short circuit.

By indicating with 7 the impedance of the resistor
between the two terminals 32, 35, with Y the admittance
between said terminals 32, 35 and the sheath 33, with Vin
and Iin the voltage and the current dispensed by the 1mped-
ance meter, with Vout and Iout the voltage and the current on
said loads Z,, and 7, , 34 and by describing the resistor by
means ol an ABCD matrix we have that:

L lle o)

Zin

VDHT :|

IDHT

1 +YZ/2 Z+YZZ/4[
Y 1 +YZ/2 |

and

Vi, AZou+ b

L, CZ,.+D’

By indicating with Z,, and Z, ,, as said, the known loads
connected between the second terminal 35 and the sheath 33
of said resistor 31 in the two measurements, and with Z,
and 7, ,, the impedance values measured by the impedance
meter 1n the two measurements carried out, we have that the
admittance between said terminals 32, 35 and the sheath 33
1s equal to:

-1
FEE T Zipdm2(Ziy = Lay) = 2y (Lpp = Laga)
VASRVAVID VAL RV AVEY
( i1l — L2l )2
\ _ (L1 — L) — (L2 — Zp2)

while the impedance of the resistor between the two termi-
nals 32, 35 is equal to:

ZinZyt — 22202 1

/=2 .
(Zpy —Zp1) — (Lpp —Zy2) Y
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Thereby, the value of the resistance R of the resistor and
the value of the high-frequency parameters of conductance
(, of inductance L and of capacitance C may be determined.

It should be noted that with the type ol measurement
described, it 1s possible to determine the high-frequency
circuit parameters of a power resistor only by means of two
distinct measurements.

In another preferred embodiment of the present invention,
shown 1n the accompanying FIG. 8, said connecting means
38 are adapted to connect said resistor only to said voltage
or electric current source 36 and to said impedance measur-
ing means 30. Thereby, no further connection of said loads
7., and Z; , 34 1s required and the measurement to be carried
out 1s only one. Said impedance measuring means 30 may,
for example, be adapted to measure the resistance value of
the filament of the resistor 31 R by means of a measurement
of the module of the voltage and of the current relative to
said resistance R, and the phase difference therebetween.
Alternatively, said impedance measuring means 30 may
comprise a capacitance meter. Said capacitance meter may
be based on a dedicated integrated circuit or on a micro-
controller provided with a technology capable of measuring
capacitance values.

Advantageously, also 1n this case, said connecting means
38 may comprise coupling means adapted to electrically
filter said impedance measuring means 30, 1.e., the high-
frequency section, from said voltage or electric current
source 36, 1.e., the low-frequency section, so as to prevent
the low-1requency electric power which supplies the resistor
31 from interfering with the impedance measuring means
30, thus influencing the measurement. Said coupling means
may, for example, comprise a low-pass filter in combination
with a high-pass filter.

In another preferred embodiment of the present invention,
shown 1n the accompanying FIG. 8, said connecting means
38 are adapted to alternately connect said resistor only to
said voltage or electric current source 36 and to said imped-
ance measuring means 30 so as to carry out the measurement
after the resistor has been insulated from the nominal power
supply circuit. Thereby, no further connection of said loads
7., and Z, , 34 1s required and the measurement to be carried
out 1s only one. Carrying out the measurement after the
resistor has been insulated from the nominal power supply
circuit allows to avoid possible interferences in the mea-
surement circuit due to the voltage or electric current source
36. Said impedance measuring means 30 may advanta-
geously be adapted to measure the resistance value of the
filament of the resistor 31, R, by means of a measurement of
the module of the voltage and of the current relative to said
resistance R, and the phase difference therebetween.

This preferred embodiment of the present invention may
be immediately applied to the various fields of employment
of common power resistors, also by virtue of the fact that
said power resistors, during the normal operation thereof,
are very often powered 1n intermittent ON/OFF mode so as
to modulate the power employed for the heating and there-
fore the temperature of the environment or of the medium 1n
which said resistors are inserted.

In another preferred embodiment of the present invention,
said 1impedance measuring means 30 consist of an electric
capacitance meter and said connecting means 38 are adapted
to alternately connect said resistor to said voltage or electric
current source 36 and to said electric capacitance meter
which may be based on a dedicated integrated circuit or on
a microcontroller provided with a technology capable of
measuring capacitance values.
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In another preferred embodiment of the present invention,
said 1mpedance measuring means 30 consist of a high-
frequency signal generator associated with said resistor 31,
by means of said connecting means 38, so as to power the
RC circuit in which R 1s the resistance of the inner filament
of the resistor 31 and C 1s the capacitance present between
the terminals 32, 35 of the resistor 31 and the sheath 33
thereol. In this preferred embodiment of the present inven-
tion, the oscillation frequency of the aforesaid RC circuit 1s
detected so as to determine the value of the parameters R and
C and, therefore, the current temperature value of the power
resistor 31.

The device according to the present invention, adapted to
measure the temperature of a power resistor 31 provided
with a sheath 33 and with two terminals 32, 35 for the
connection to the terminals of a voltage or electric current
source 36, therefore, comprises in the most general embodi-
ment thereoi:

impedance measuring means 30,

connecting means 38 adapted to connect the terminals 32,
35 and the sheath 33 of a power resistor 31 to said imped-
ance measuring means 30 and the terminals 32, 35 of said
power resistor 31 to said voltage or electric current source
36;

control and reading means 37 adapted to read the value of
at least one high-frequency circuit parameter of said resistor
31 measured by said impedance measuring means 30, to
carry out the conversion between the value of at least one
measured high-frequency circuit parameter and the tempera-
ture.

Advantageously, the present invention may further com-
prise suitable user interface means, associated with said
control and reading means 37, and adapted to show the
obtained temperature value.

Said control and reading means 37 may further comprise
a microcontroller adapted to host possible tables for the
conversion between the measure circuit parameters and the
temperature and possible conversion functions between the
measure circuit parameters and the temperature.

Finally, said control and reading means 37, may be
advantageously integrated into the power control circuit of
said power resistor 31 so as to manage, for example, the
measurement steps within the periods of temporary shut-
down of the power supply of the resistor 31.

Although the present mvention has been described and
disclosed with reference to specific preferred embodiments,
it 1s to be understood that, within the scope of protection
defined by the following claims, all possible variants are
included, which are within the reach of those skilled in the
art.

The 1invention claimed 1is:

1. A device for measuring a temperature value of a power
resistor through measurement of parasitic parameters of the
power resistor, the power resistor having a sheath which
circumscribes a resistive element terminating at opposing
first and second resistor terminals and adapted to be con-
nected to power terminals of a voltage or electric current
source, the device comprising:

an 1mpedance measuring means adapted to measure at

least one parasitic parameter of said resistor at a
predetermined frequency, said at least one parasitic
parameter being chosen 1n a group comprising L, series
inductance of said resistor, (G, conductance measured
between the two resistor terminals and the sheath of
said resistor and C, capacitance measured between the
first and second resistor terminals and the sheath of said
power resistor;
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a connecting means adapted to connect the two resistor
terminals and the sheath of a power resistor to said
impedance measuring means and to connect the two
resistor terminals of said power resistor to said voltage
or electric current source;

a control and reading means adapted to read the value of
said at least one parasitic parameter of said resistor
measured by said impedance measuring means and
adapted to carry out conversion between the value of at
least one measured parasitic parameter and the tem-
perature value of the power resistor through a prede-
termined look-up table and/or a predetermined math-
ematical function defining values of the parasitic
parameters ol said power resistor to a corresponding
temperature value.

2. The device according to claim 1, further comprising a
user nterface means including a display, said user interface
means being in electronic communications with said control
and reading means, and adapted to show the temperature
value of the power resistor.

3. The device according to claim 1, wherein said con-
necting means comprise coupling means adapted to prevent
the low-Irequency electric power which supplies the resistor
from interfering with the impedance measuring means, thus
influencing the measurement.

4. The device according to claim 3, wherein said coupling
means comprise a low-pass filter in combination with a
high-pass filter.

5. The device according to claim 1, wherein said con-
necting means are further adapted to connect said impedance
measuring means between the first terminal and the sheath
of said resistor and to connect a load impedance between the
second terminal and the sheath of said resistor.

6. The device according to claim 1, wherein said con-
necting means are adapted to alternately connect said resis-
tor to said voltage or electric current source and to said
impedance measuring means.

7. The device according to claim 1, wherein said imped-
ance measuring means are adapted to measure the resistance
value of a filament of the resistor, R.

8. The device according to claim 7, wherein said imped-
ance measuring means are adapted to measure the resistance
value of the filament of the resistor, R, by means of a
measurement of a module of the voltage value and of the
current value relative to said filament, and the phase difler-
ence therebetween.

9. The device according to claim 1, wherein said imped-
ance measuring means comprise a capacitance meter.

10. The device according to claim 9, wherein said capaci-
tance meter comprises a dedicated integrated circuit or a
microcontroller adapted to measure capacitance values.

11. The device according to claim 1, wherein said control
and reading means comprise a microcontroller adapted to
host tables for the conversion between the measured para-
sitic parameters of said resistor and the temperature or an
experimentally determined conversion function linking said
measured circuit parameters and the temperature.

12. The device according to claim 1, wherein said control
and reading means are integrated in a power control circuit
of said power resistor.

13. A method for measuring the temperature of a power
resistor provided with a sheath and with terminals by using
a device as 1n claim 1, the method comprising the following
steps:

a) providing impedance measuring means,

b) connecting said impedance measuring means between

at least one of said terminals and said sheath,




US 11,566,949 B2
9 10

c) reading the value measured by said impedance mea- 1) calculating at least one parasitic parameter L., G or C
suring means at a predetermined frequencyﬂ of said resistor (31) from the impedance, 7., or admuit-
d) carrying out the conversion between the value mea- tance, Y, values, and wherein said step (d) of carrying

out the conversion comprises:
1) carrying out the conversion between the value of said at
least one parasitic parameter L., G or C of said resistor

and temperature.
15. The method for measuring the temperature of a power
resistor according to claim 14, wherein 1n said step (1), the

(o admittance, Y and the impedance, Z are calculated according
to the equations:

sured by said impedance measuring means and the
temperature through a predetermined look-up table 2
and/or a predetermined mathematical function defining
values of the parasitic parameters of said power resistor
to a corresponding temperature value.

14. The method for measuring the temperature of a power
resistor according to claim 13, wherein said step of (a)
providing impedance measuring means, (b) connecting said
impedance measuring means and (c) reading the value

measured by said impedance measuring means comprise: 1
. - Y =+ . nd
o) connectmg-a first lqad 1mpedance, ZL.I,, between a (s [ 7222t — Zar) — 202 s — Zor) a
Secogd terminal of said terminals E%Ild. said Jsheath, (Zr1 = Zas1) = (Zrnr — Zz)
B) regdmg the Va%ue 111@:518111‘@(?j by sa}d zjn}fpec-ance mea- ( Z1Znst — ZraZongs )2]
Suring means, Z,,, at a pre .etermme requency, \ (Zr1 — Zo1) — Zrr — Zags)
Y) disconnecting the first load impedance, Z, ,,
0) connecting a second }oad in?pedance,, Z{Lz, between a 5 L [ ZnZm —ZnZmw 1 ]
second terminal of said terminals and said sheath, (Zr1 = Zagi ) = (Zir — Zapn) YL

¢£) reading the value measured by said impedance mea-
suring means, Z.,,,, at a predetermined frequency,

C) calculating the impedance, Z, of the resistor between
the two terminals, and the admittance, Y, between said
terminals and the sheath, through the values Z, ;, Z,.
Zirn, and Z, ¥k ok kK

16. The method for measuring the temperature of a power
resistor (31) according to claim 13, wherein said impedance
25 measuring means comprises a capacitance meter.
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